Pediatric occupational therapy practitioners frequently provide interventions for children with differences in sensory processing and integration. Confusion exists regarding how best to intervene with these children and about how to describe and document methods. Some practitioners hold the misconception that Ayres Sensory Integration intervention is the only approach that can and should be used with this population. The issue is that occupational therapy practitioners must treat the whole client in varied environments; to do so effectively, multiple approaches to intervention often are required. This article presents a framework for conceptualizing interventions for children with differences in sensory processing and integration that incorporates multiple evidence-based approaches. To best meet the needs of the children and families seeking occupational therapy services, interventions must be focused on participation and should be multifaceted.
D
ifferences in sensory processing and integration are prevalent in many of the children seen by pediatric occupational therapy practitioners and can be grouped broadly into two constructs: (1) differences in sensory responsivity, potentially leading to poor modulation of sensory information from the environment, and (2) differences in sensory discrimination and perception, potentially leading to deficits in postural stability, visual-motor control, and motor planning (Lane & Bundy, in press ). Importantly, differences in sensory processing and integration have been shown to affect participation in meaningful childhood tasks including play with friends, performance at school, and engagement in family activities (Armstrong, Redman-Bentley, & Wardell, 2013; Cosbey, Johnston, & Dunn, 2010; Cosbey, Johnston, Dunn, & Bauman, 2012; Davis et al., 2013; Little, Ausderau, Sideris, & Baranek, 2015; Reynolds, Bendixen, Lawrence, & Lane, 2011; Shochat, Tzischinsky, & Engel-Yeger, 2009 ). Occupational therapists are recognized as the experts in assessment and intervention for children who have differences in sensory processing and integration. This recognition is in large part because of the efforts of A. Jean Ayres (1972) , whose academic and clinical work led to the development of sensory integration theory, assessment tools to measure differences in sensory processing and integration in children, and the clearly defined intervention technique of sensory integration.
Sensory integration (SI) is a theory that attempts to link observable behaviors with underlying neurological functions and is used clinically to help explain behavior, plan interventions, and predict change. A primary assertion of SI theory is that learning is dependent on the ability to take in and process sensation from movement and the environment and use it to plan and organize behavior (Bundy & Murray, 2002) . Interventions based on SI theory use enhanced sensory experiences as part of meaningful activity to improve the central nervous system's ability to process sensation, thereby enhancing learning and behavior. Outcomes of SI intervention, therefore, are assumed to be the result of the brain's ability to change, biochemically and structurally, in response to experiences in the environment (Reynolds, Lane, & Richards, 2010) Historically, there has been some confusion about what is and is not SI treatment. Between 2007 and , in an attempt to clarify and preserve SI as envisioned by Ayres, the term Ayres Sensory Integration ® (ASI) was trademarked, and several publications documented the key features that must be present (Parham et al., 2007 (Parham et al., , 2011 Smith-Roley, Mailloux, Kuhaneck, & Glennon, 2007) . Delineating what ASI is (and is not) has been essential in both clinical practice and research. From a clinical standpoint, clinicians who claim to be doing SI intervention but who are not adhering to the fidelity of Ayres's model have been forced to reexamine their own clinical practice. From a research standpoint, critical reviews that claim that SI intervention is not effective, but that fail to exclude articles not meeting fidelity criteria, can be called into question. Overall, the movement to clarify and delineate ASI has been a positive and necessary step in this field of practice. Unfortunately, a byproduct of this work appears to be additional confusion about what should and should not be included in occupational therapy interventions that aim to improve function and participation in children with differences in sensory processing and integration. More specifically, there appears to be a misconception both within and outside of the field that ASI is the only approach that can and should be used with this population. The issue is that as occupational therapy practitioners, we focus on treating the whole client, which includes the child as well as the family and support networks. In addition, practitioners deal with not only the complexity of a child's underlying neurological or physical differences but also the impact of these differences on various areas of function across multiple environments. The purpose of this article is to present a framework for conceptualizing the various interventions that can support the functional and participation needs of children with differences in sensory processing and integration. This framework incorporates multiple evidence-based approaches available to pediatric occupational therapy practitioners and focuses on the overarching goal of increased function and participation.
Multifaceted Approach to Pediatric Intervention
As part of the occupational therapy process, practitioners conduct a comprehensive evaluation, develop functional goals based on the needs and values of the client, and implement an intervention plan that aims to help enhance the function and participation of the client (American Occupational Therapy Association [AOTA], 2014). A systematic review of the literature (Bodison et al., in press) suggests that pediatric occupational therapy practitioners use three broad types of intervention when working with children who have differences in sensory processing and integration: (1) environmental supports and adaptations; (2) caregiver-focused interventions, including parent-and teacher-mediated interventions; and (3) child-focused, therapistled interventions related primarily to skill building or eliciting neurological change. Within these three broad intervention types, various evidence-based approaches can be used as part of the intervention plan.
Although child-focused interventions are the most dominant and varied in clinical occupational therapy practice, all three intervention types should be considered in the intervention plan. An overview of each intervention type, along with associated intervention approaches, is provided in the sections that follow. Because a full systematic review was beyond the scope of this article, the literature featured in each section was purposefully sampled based on relevance to key theoretical principles, target population served (preferably children with differences in sensory processing and integration), and strength of available evidence. Figure 1 outlines the proposed multifaceted conceptual framework within the context of the broader occupational therapy process.
Environmental Supports and Adaptations
As part of their client evaluation, occupational therapists consider the impact of the environment on a child's occupational performance (AOTA, 2014) . In the current conceptualization, the term environment includes both the physical environment, such as the home and the classroom, and the cultural, social, temporal, and virtual environments (AOTA, 2014) . For example, some sensory aspects of the physical environment can diminish a child's ability to learn and participate in important daily activities (Barrett, Zhang, Moffat, & Kobbacy, 2013; Reynolds et al., 2011; Schaaf, Toth-Cohen, Johnson, Outten, & Benevides, 2011) . Classroom environments can be stimulating (Choi & McPherson, 2005; Crandell & Smaldino, 2000; Shield & Dockrell, 2003) , and visual and auditory stimuli in particular may distract students from learning activities (Fisher, Godwin, & Seltman, 2014; Godwin & Fisher, 2011; Klatte, Bergström, & Lachmann, 2013 ). Children's attention and readiness for participation may also be influenced by sensory aspects of home and classroom routines.
In client-centered practice, the child is included in the process of deciding which environments to assess whenever possible. Using skill with activity analysis and observation in natural environments, in conjunction with the specific assessment results for the client, practitioners make recommendations for accommodations or modifications that match the child's needs with provision of appropriate supports and removal of barriers that hinder functioning. Appropriate modifications to the environment are believed to support participation and typically include ways to reduce or enhance sensory stimulation from the environment to promote regulation and attention or to improve behavior. Environmental interventions to enhance sensory stimulation include altered seating (e.g., ball chairs, air cushions, rocker chairs), compression clothing, fidget toys, and weighted tools. Environmental interventions to reduce sensory stimuli include the use of headphones, visors, sunglasses, study carrels, light covers, and special surfaces for soundproofing.
There is preliminary evidence that guides best practice when implementing environmental modifications such as the use of alternative seating (Bagatell, Mirigliani, Patterson, Reyes, & Test, 2010 Umeda & Deitz, 2011) , modifications to the dental environment (Cermak et al., 2015) , and changes to sounds and lighting in the classroom (Kinnealey et al., 2012; Reynolds, Kuhaneck, & Pfeiffer, 2016) . Other approaches, such as the use of weighted vests, have limited to no evidence to support their continued use (Case-Smith et al., 2015; Watling & Hauer, 2015) . Therefore, before including environmental adaptations as part of the intervention plan, it is important to consider the evidence available for the specific type of intervention because research findings are mixed and environmental interventions vary greatly.
Caregiver-Focused Interventions
When considering the impact of a child's sensory experiences on family occupations and school participation, the concept of caregiver-focused interventions is integral to pediatric occupational therapy practice (AOTA, 2014; Bagby, Dickie, & Baranek, 2012; Case-Smith, 2013) . As part of a multifaceted approach to pediatric intervention, the occupational therapy practitioner may work to develop the parent or teacher's ability to facilitate learning opportunities for the child, scaffold the child's participation in meaningful tasks, and skillfully respond to the child's sensory needs.
Coaching and caregiver-mediated intervention approaches are increasingly being used as part of the therapeutic process, particularly in young children with autism spectrum disorder (ASD; Oono, Honey, & McConachie, 2013) . Recent studies suggest that these approaches have a positive impact on a variety of outcomes such as play and social skills (Wilkes-Gillan, Bundy, Cordier, & Lincoln, 2016) , social-emotional development (Case-Smith, 2013) , as well as joint attention and social communication (Dawson et al., 2010; Kasari, Gulsrud, Wong, Kwon, & Locke, 2010) . Outcomes such as reduced parental stress, increased maternal competency, improved family relationships, and enhanced parenting efficacy have also been noted with these types of intervention approaches Graham, Rodger, & Ziviani, 2013; Kingsley & Mailloux, 2013) , thus illustrating the importance of supporting the family system within which the child functions as a key component of client-centered occupational therapy.
A small number of studies have specifically included children with differences in sensory processing and integration as their target population or included related sensory processing outcomes when using a caregiver-focused intervention. For example, Baranek and colleagues (2015) implemented a 6-to 9-mo parent-mediated intervention aimed at improving developmental outcomes in a community sample of young children at risk for ASD. Parent-child interactions and adaptive behaviors improved, as did sensory responsiveness. In addition, using a contextual intervention with children with ASD and identified sensory challenges, Dunn, Cox, Foster, Mische-Lawson, and Tanquary (2012) found significant improvements in children's daily participation and increased parent competency after 10 reflective coaching sessions.
Because of the effectiveness of coaching and parent-mediated interventions, occupational therapy practitioners should consider implementing these types of caregiverfocused interventions as part of a multifaceted intervention plan when working with children who have differences in sensory processing and integration. These intervention approaches may be initiated with a variety of functional outcomes and are closely aligned with traditional occupational therapy practices. In addition, these interventions often build on family strengths, occur in natural contexts, and are embedded in daily occupations, all of which further support goal acquisition.
Child-Focused Interventions
Intervention for children with differences in sensory processing and integration may include approaches explicitly designed to enhance sensory processing and integration as well as approaches targeting other behaviors and skills that that are affected by sensory processing difficulties, such as dressing, play, or self-regulation. Five approaches that may be used with this population of children are featured here.
Interventions to Enhance Sensory Processing and Integration. Two types of child-focused, therapist-led interventions relate primarily to enhancing sensory processing abilities or eliciting neurological change: (1) therapist-led interventions grounded in the theory, assessment, and intervention strategies outlined by ASI and (2) therapist-led sensory-based approaches that are often protocol driven.
Therapist-led interventions grounded in ASI and that account for each child's preferences and intrinsic motivation are clearly defined, and recent research has used an intervention manual and fidelity measure to assess adherence to the manualized intervention (Parham et al., 2011) . A growing body of well-designed research studies has investigated the efficacy of these interventions. Thus far, positive outcomes of ASI have been identified in the areas of self-care, play, and participation in family routines (Pfeiffer, Koenig, Kinnealey, Sheppard, & Henderson, 2011; Schaaf, Benevides, Kelly, & Mailloux-Maggio, 2012; Schaaf et al., 2014; Watling & Hauer, 2015) . These findings suggest that therapist-led interventions grounded in ASI may be a key component of a multifaceted intervention plan that focuses on outcomes related to function and participation.
Therapist-led sensory-based approaches include programs that address single sensory systems, such as sound-based programs (e.g., Therapeutic Listening, Vital Links, Madison, WI), and that incorporate SI theory constructs with other types of intervention practices, for example, Interactive Metronome (IM; Sunrise, FL), Astronaut Training (Vital Links), and the Alert Program (Williams & Shellenberger, 1996) . These approaches are less clearly defined than therapistled ASI interventions, both in practice and in the literature (Polatajko & Cantin, 2010) . In addition, evidence is limited on the efficacy of these approaches; the few studies available have methodological challenges such as small sample sizes, lack of control groups, and poorly defined interventions. Future research related to these interventions should focus on clearly defining the constructs under study, the intended population, and the specific targeted outcomes.
Behavioral Approaches. Behavioral approaches are primarily concerned with modifying observable behaviors that can be recorded and measured (Skinner, 1938; Watson, 1913) . Children with differences in sensory processing and integration may exhibit aggressive, avoidance, or seeking behaviors as a result of sensory modulation problems; have difficulty learning new skills or expanding play schemas because they struggle with praxis; or may choose not to engage in tasks that are perceived to be too difficult secondary to postural or motor challenges. Behavioral approaches may be beneficial for some children with difficulties in sensory processing and integration to target specific, discrete behaviors that may need to be developed (e.g., the ability to complete a dressing sequence), elicited (e.g., engagement in a difficult yet achievable motor action), or reduced (e.g., aggression toward a teacher) to facilitate optimal participation.
Common behavioral intervention strategies include introducing or removing environmental cues that trigger a behavior, teaching an alternative behavior when a specific cue is present, and prompting a response that is not independently exhibited (Watling, 2015) . Reward and reinforcement can be provided to enhance learning of desired skills and may be based on the child's specific sensory preferences.
Incorporating an extensive range of approaches that are based on behavior theory, positive behavioral support (PBS) is a widely implemented intervention aimed at proactively enhancing competency in the school, home, and community (Dunlap et al., 2010) . PBS uses techniques such as environmental or curricular redesign to address goodness of fit between the context and client (Albin, Lucyshyn, Horner, & Flannery, 1996) . PBS has been shown to produce improved academic performance, improved quality of life, and reduced negative behavior (Dunlap et al., 2010) . Although the research has not specifically examined use of PBS for children with differences in sensory processing and integration, favorable outcomes have been found for children with developmental disabilities (Carr et al., 1999; Feldman, Condillac, Tough, Hunt, & Griffiths, 2002) , emotional and behavioral disorders (Chitiyo, Makweche-Chitiyo, Park, Ametepee, & Chitiyo, 2010) , and autism (Horner, Carr, Strain, Todd, & Reed, 2002) -conditions that are often accompanied by poor sensory processing and integration.
By providing positive behavioral supports for children with differences in sensory processing and integration, occupational therapy practitioners may evaluate how sensory experiences serve as antecedents for undesirable behaviors and identify positive sensory experiences to use as rewards for reinforcing desirable behaviors. Creating environments that are consistent and predictable with regard to physical and social features can also help to decrease the processing load, lead to reduced vigilance and anxiety, and allow the child to focus attention on a functional task rather than constantly evaluate the environment for sensory threats. As part of a multifaceted intervention plan, behavioral approaches can be used in concert with other approaches to enhance learning and support engagement in daily or therapeutic activities.
Practice and Developmental Skill Building. The concept of practice is a major tenet of motor learning theory, and the effects of practice on functional task performance have been well studied in the literature (Zwicker & Harris, 2009 ). The type and amount of practice given to typical children during their daily routine are simply not enough for children with differences in sensory processing and integration to learn or master the functional skills necessary for participation in school, home, or community activities. However, research suggests that interventions that strategically manipulate the timing and organization of skilled motor practice (e.g., distributed practice schedules) can lead to learning-dependent changes in the primary motor cortex and to measurable outcomes in motor skill performance (Kwon, Kwon, & Lee, 2015; Rroji, van Kuyck, Nuttin, & Wenderoth, 2015; Willingham, 1998) . Interestingly, similar changes in both brain structure and motor function have been noted with mental practice or visual-motor imagery (Avanzino et al., 2015) . Improvements in daily living skills, safety, and social skills after practice in virtual contexts (i.e., virtual reality) have also been documented (den Brok & Sterkenburg, 2015) . Although much of motor learning and practice-based research has been done with adults, a growing body of literature supports its use in pediatric populations (for a review, see Zwicker & Harris, 2009) .
Feedback is an important concept associated with practice and motor learning. Extrinsic (or augmented) feedback refers to feedback that is added to what is typically received by a person while performing a task (Schmidt & Lee, 2005) . In adults, frequent extrinsic feedback is thought to reduce reliance on intrinsic feedback and decrease the overall information-processing demands during practice trials. Subsequently, motor learning research suggests that faded and reduced extrinsic feedback is preferable in adults to engage active problem-solving mechanisms and improve skill retention over time (Anderson, Magill, Sekiya, & Ryan, 2005; Winstein & Schmidt, 1990) . However, research suggests that typical children use feedback in a manner different from adults and may require longer periods of practice with more frequent feedback to retain new motor skills (Goh, Kantak, & Sullivan, 2012; Sullivan, Kantak, & Burtner, 2008) . This requirement may be particularly true for children with differences in sensory processing and integration who cannot always rely on accurate intrinsic feedback from their body. Interestingly, research also shows that nongeneric feedback (e.g., "Those last kicks were very good") is preferable to generic feedback (e.g., "You are a great soccer player") when children are learning new motor tasks (Chiviacowsky & Drews, 2014) .
Developmental theories also emphasize practice and skill acquisition as a basis for functional performance and participation; however, a greater emphasis is placed on ascertaining a child's current developmental level as a basis for determining which skills or patterns should be attained, and in what sequence, during the intervention process (Kramer & Hinojosa, 2010 ). Working with a child to first practice cutting straight lines before learning to cut curves or turn corners is an example of how occupational therapy practitioners often consider normal developmental trajectories in the context of skill building.
Handwriting is one area of participation that is often difficult for children with differences in sensory processing and integration. Although handwriting difficulties may stem from underlying difficulties in sensory discrimination or praxis, interventions that use sensory-based approaches without handwriting practice have generally been shown to be ineffective (Hoy, Egan, & Feder, 2011) . Therefore, for these children with handwriting difficulties, a multifaceted intervention plan should include the use of therapeutic handwriting practice, particularly when a child cannot participate in expected school-based tasks. Keys to successful practice for these children is for practitioners to assess the appropriate developmental skill level of the child to set up the just-right challenge and to provide augmented feedback of both task performance and task results (Zwicker & Harris, 2009) .
Cognitive Approaches. Some children with differences in sensory processing and integration do not receive accurate information from their bodies during task performance (e.g., poor tactile, proprioceptive, or vestibular discrimination) and secondarily cannot effectively draw on past experiences when refining or developing new motor plans. For these children, cognitive approaches may be used in conjunction with interventions to enhance sensory processing and integration as a way to enhance motor skills and motor planning needed for successful participation in daily living activities.
Specific cognitive approaches that may be useful for children with differences in sensory processing and integration include problem-solving interventions such as the Cognitive Orientation to daily Occupational Performance (CO-OP; Polatajko & Mandich, 2004) and neuromotor task training (NTT; Niemeijer, Smits-Engelsman, & Schoemaker, 2007) . Several studies support the use of CO-OP and NTT for children who have difficulties with motor coordination, including children with developmental coordination disorder (DCD) and ASD (Hyland & Polatajko, 2012; Rodger & Brandenburg, 2009; Rodger, Pham, & Mitchell, 2009; Smits-Engelsman et al., 2013) .
CO-OP uses a four-phase process in which the occupational therapy practitioner works with the child to (1) identify goals for participation, (2) develop a plan, (3) execute the plan, and (4) evaluate the success of the plan (Missiuna, Mandich, Polatajko, & Malloy-Miller, 2001) . During this process, the practitioner serves as the child's coach or guide; however, recent evidence suggests that children's ability to self-monitor may improve over time and carry over to other functional tasks (Jokić, Polatajko, & Whitebread, 2013) . Similarly, NTT aims to develop a child's metacognitive skills as a way to improve motor performance. In NTT, practitioners guide children through different phases of motor learning by manipulating task and environmental demands and using techniques such as guided discovery (Schoemaker & Smits-Engelsman, 2005) .
Note that these types of top-down, task-based approaches are not intended to address the child's underlying issues in sensory processing and integration but may be used to help children with motor planning or coordination difficulties learn strategies to enhance performance of specific functional skills. Practitioners considering using CO-OP or NTT as part of a multifaceted intervention plan should consider whether the child has the intellectual, speech, language, and self-regulatory abilities to benefit from such problem-solving approaches.
Other cognitive approaches that may be helpful for children with sensory processing and integration differences include the use of low-and high-tech cognitive aids for prompting during functional tasks. Use of videos (e.g., video modeling) and pictures on handheld devices, in particular, have been shown to improve performance of daily living skills and vocational tasks (den Brok & Sterkenburg, 2015) . Importantly, although problem-solving approaches such as CO-OP require intact cognitive abilities, preliminary evidence suggests that video modeling may be effective for children with intellectual disabilities (Walton & Ingersoll, 2013) .
Biomechanical Approaches. Children with differences in sensory processing and integration may present with low muscle tone, poor alignment, or inadequate postural strength and stability to effectively or efficiently participate in functional selfcare or play tasks. Biomechanical approaches, therefore, may be incorporated as part of a multifaceted intervention plan to position the child during functional tasks or enhance client factors such as muscle strength, position sense, and endurance. For example, two case studies have demonstrated the benefits of a supervised strength-training intervention for children with DCD (Kaufman & Schilling, 2007; Menz, Hatten, & Grant-Beuttler, 2013) . In both studies, strength training involved a high number of repetitions with low resistance, with a focus on proper positioning and technique during the exercises. Although both cases demonstrated only minimal improvement in standardized scores on the Bruininks-Oseretsky Test of Motor Proficiency (Bruininks & Bruininks, 2005) , functional gains were noted in playground skills (e.g., monkey bars, climbing on jungle gym), and increased confidence and participation were reported for motor tasks. Other therapeutic or recreational activities that may promote participation through improvement in muscle strength and endurance for children with sensory processing and integration differences include (but are not limited to) martial arts (Fong, Chung, Chow, Ma, & Tsang, 2013) , horseback riding (Ajzenman, Standeven, & Shurtleff, 2013) , and aquatic programs (Hillier, McIntyre, & Plummer, 2010) .
Directions for Action
Occupational therapy practitioners can provide a broad and diverse range of evidence-based services to children with differences in sensory processing and integration to enhance function and participation. This message needs to be communicated clearly to those outside of the profession who may view pediatric occupational therapy an ASI-only endeavor or who may not recommend occupational therapy in settings where the delivery of ASI is not possible (e.g., in regular education classrooms). In addition, within the profession, dialogue should be undertaken on how to best address the needs of children with differences in sensory processing and integration across multiple contexts. Specifically, this dialogue should include how outpatient and school-based practitioners can collaborate to develop an optimal plan of care through the implementation of varied approaches that successfully address contextually based activity requirements.
Trained and experienced pediatric practitioners are equipped with the clinical reasoning skills to address treatment goals from multiple angles. Through the work of many, pediatric occupational therapy also has several researched-based intervention approaches that can be used in concert, based on the needs of the client, to promote optimal function and participation. As the profession moves forward, it is important that practitioners are explicit about what intervention approaches they use and why, state the evidence to support them, and document their contribution to enhancing children's function and participation.
Looking ahead, it may be helpful to develop tools to help clinicians choose which intervention types and approaches may best suit specific client needs and goals. For example, a clinical decision-making tree could be developed to systematically analyze a variety of client factors (e.g., presence of symptoms, areas of strength, other services currently being received), in combination with the strength of current evidence, to decide which approaches or combination of approaches should be prioritized in the intervention plan. Similarly, specific intervention approaches may be more useful for children who present with specific categories or subtypes of sensory processing differences or with certain associated conditions such as ASD or attention deficit hyperactivity disorder. Systematic methods for decision analysis may be used by occupational therapy practitioners to make treatment decisions with their individual clients, by researchers to manualize occupational therapy interventions, and by health administrators to economically appraise health care programs.
Conclusion
In summary, to meet the complex needs of children and their families, occupational therapy interventions must be participation focused and multifaceted. The list of intervention types and approaches outlined in the framework presented ( Figure  1 ) is intended to be a starting point for a discussion among a community of practitioners, researchers, and scholars who have knowledge and experience to share. Clearly, each client is unique; therefore, the design of an intervention plan will be established with the full consideration of the client's values, needs, and goals. Moreover, the selection of interventions to use when working with children who have differences in sensory processing and integration should evolve over time based on changes in the evidence and on critical appraisal from the profession. s
